
Russian Agency for Patents and Trademarks 



(11) Publication number: RU 2064357 CI 



(46) Date of publication: 19960727 

(21) Application number: 93039094 

(22) Date of filing: 1993080G 

(51) Int CI: B21D39/10 E21B29/10 

(71) Applicant: TatarsklJ graudarstvennyj naucluio-issledovatelskij i proektnyj insutut 
neftjanoj promyshlennosti 

(72) Inventor: Mukhametshln A.A., M cling K.V., Abdrakhmanov G.S.. ITJasov M.S.. Mukhametshln 
A. A., Meling K.V., Abdrakhmanov G.S., fljasov M.S., 

f73)Proprtetor: Tatarskij gosudarstvennyj nauchno-lssledovatel'skij i proektnyj instltut 
neftjanoj promyshlennosti 



(54) EXPANDER FOR EXPANDING SHAPED-TUBE DEVICES 
(57) Abstract: 

FIELD: expanding shaped tubes devices such as shut-off gates, stem suspension devices, filters 
mounted in well. SUBSTANCE: expander comprises body 1 with central duct 4 having union 5 in its 
lower portion. Three rolling members are mounted with supporting units 8, 9 in recesses 6. 7 of 
body wall 1. Supporting units 8 of two rolling members are mounted in the above mentioned recesses 
stationary; supporting unit 9 of rolling member 12 Is mounted with possibility of radial extension 
out of recess 7. Movable supporting unit is In the form of two eccentric one relative to another 
cylinders 13, 14. Cylinder 13 with larger diameter is sealed relative to body wall, while cylinder 
14 with less diameter protrudes to central duct 4 of body 1 and has passages connecting central 
duct 4 with hydraulic chamber 18, defined by walls of recess 7 and end surfaces of cylinders 13, 14 
of movable supporting unit 9. EFFECT: enhanced quality and reliability of mounting shaped-tube 
devices, enhanced serviceability of expander, broadened range of working diameter. 2 cl. 4 dwg 
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(54) BAJlbUOBKA JJJlfl PA3BAJ1 bLlOBblB AHM5I YCTPOftCTB M3 nPOOWflbHblX TPYB 
(57) Abstract: 

Mcnojib30BaHKe: f\na pa3B anbijo du Bamin ycrpoHCTB M3 npo<J>wnbHbix rpytS (nepeKpbiBaTeneM , noflBecoK 
xboctohhkob, <J>iUibTpoB m T.fl.), ycraHaanMBaeMbix b cKBajKMHC. CynjHocTb M3o6pereimn: BajibupBKa 
co^epjKMT Kopnyc (K) 1 c ueHTparibHbtM KananoM 4, b rouKHew uacrw KOToporo ycTaHOBJieH nrryuep 5. B 
creiiKe K Bbmo/meHbi yrviyfmeHMtf 6h7,b KOTopbrx c noMonjbio onop 8 h 9 ycraHOBneiibi TpH B^biryionjwx 
aneMeirra (B3). HpimeM onopbi 8 AByx B3 ycraHOBJienbi b yr\ny6jiemittx 6 K neno/jBiuKHo. a onopa 9 B3 12 - c 
BO3M0»Hocrrbio pa^waribHoro BbiAniijKeHHH M3 yrviytxn train 7. noAOwmHan onopa Dbmormeiia b Dn^e ftoyx 

3KCB,eHTpIWHblX OTHOCMTeJlbHO APVT APY 1 " 3 - mUIHHApOB (U) 13 M 14. npHMeM U 13 C OQJlbUZMM jxyi aMerpoM 

yiuioTHCH oTHOCMTenbHo cTeHxn Kopnyca 1. a 11 14 c MCHbnjMM ;niaMCTpoM BbicTynaer b ueirrpanbiibui 
Kaiian 4 K m MMecT KaHanbi, coo6inaionnie i^eHrpanbUbra Kan an 4 c rHApanniraecKOH Ka^epoii 18, 
o6pa30BaHHOft CTCHxaMM yr/iyoVieHMH 7 m TopueBbiMM nosepxHOCTHMii U 13 m 14 iiqrbssxhoVl onopbi 9. TaKoc 
KOHcrpyK thb3 roe Bbtnonnenne BanbuoBKii o6ecneunBaeT nejib - noBbnneraie KauecrBa w HafleMHocrvi 
ycraHOBKM ycrpofiCTB M3 npo^vuibHbix Tpy6, a TaKwc noBbimeHwe pa6orocnoco6HOCTW caMofi BajibnpBKH m 
BO3M0HmocTb pacmHpemm nwana3ona pa6ouero fluaMerpa. 1 3. n. 4>-Jibi. 4 hji. 



Description [Omxcaniie H3o6p<rreniM]: 



M3o6pcrcHne otiiochtc^i k o6nacxw 6ypeimH m KamrranbHono peMouxa ne^xttHbix m ra30Bbix CKBa^nu u 
rrp€flHa3HaMeHo, u nacxHocxvi , jyiw pasaanbupBbioaHHH ycxpowcxB W3 npo4>mibHbix xpyti, ycxaHannnnaeMbix 
d CKBaxmie npH roojiHiniH 30H ocjTOTKHeinoi. DoanuKaioimix b npouecce fiypenun cKsajKHH m npw 

BOCCTaHOBJieHKM PepMCTMMIiOCTM oCxja^lLbLX K0/10IDJ. 

HoDecrua oajibupiiKa a*ih paoBam^oBbiBainiH ycrpoMCTB 113 rrpo^nnunbix Tpy6. coAepKanjatf Kopnyc. 
npMcnoco6neiau>iM coc^wnaiMH c Kanomioii 6yp>inbHbix Tpy6, c i^cHTpanbHWM KaiianoM n 

yrny^JicHHHMH d cxeiiKe, d KOTopbix ycTanoanenbi c noMompbio onop rpn Banbuyjonjwx ancwenTa. 

HeAocraTKOM nvro ycrpoMCTBa hbjlrctch to. hto Bajujjyionnic aneMeirrbi npn paaBanbi^oBbiBauMii xpy6bi 
noA A eftcTEHeM ynpyroro aneMeHxa nocTOHHHo HaxoA*xc* b oahom nonomeHHn. 11o3TOMy npw 
Heo6xo ( AHM0CTM cHM3wTb panwajibHbie Harpy3KH na npo^nnbKbcft nepeRpbroaxenb npn eno ycxaHOBKe b 
CKBajKJDie, nanpwMep, npw peMoirrc no Bpe tk achmm ofcannofi kojiohhw b bmac meneBow nepxfwpannii, j\amasi 
BajihuoBxa HeiipuMeHHMa, nocKanbKy H3-3a hcbo3motkhocxh chwxcchmb paflwajibHOH narpy3Kn Ha oCca^Hyw 
Konoiniy iipoHcxo;n*T ee Aani^ewinee paapymenne. 

3a^aMew M3o6pexeHwn HB/wexcH noDbnucifMC KaMecroa h iia^ejRiiocTM ycxanoBxn ycxpowcxBa mo 
npo^nnbHbix Tpy6, ycraHaBmiBaekfbix b CKBa^KHe npw w30JiHin>m 3oh ooioMHeHwn. B03HHKaionijix b 
npoueoce 6ypenHH cKBamHH, h npw BOOcraHOBneHUH repMcrnHHOcTrn o6ca^m>ix kojiohh, a xaiuse noBbraieinie 
Ha^e»HOCTM w pa6oTocnoco6HocTM Ban hup bkm m otfecneMenne bosmojrhocxh pacumpcHMH Awanaaoiia 
pa6oMcro ^waMerpa 6e3 iomchchmh ^MaMCTpa Kopnyca Aainioro xiinopa3Mepa cawow BajibnpBKH . 

TexHiwecKMM pe3ynbxaT ^(xrrnraeTC5i tcm ( mto b nanbuoBKe win pa3BanbiipBWBaHMH ycxpoiicxo no 
npo4)W7ibiibix xpy6. coAepJRaiACH Kopnyc, npwcnocooneinrbiM /yin coeAwneHH* c kojiohiiom 6ypnjiHm>ix xpy6. c 
i^eirrpajibHbiM KauanoM m yrny 6n e.uu rmm b cxenKe, b KOTOpbtx ycxanoaneHbi c nowombio onop xpw 
Bajibuyionxiix 3neMCHxa, onopa o^iiopo Banbnyion;ero 3/ieMenxa ycxaHoaJiena b yrnyojieHMM Kopnyca c 
B03MO»HOCTbio pa^wajibHOPO BbiflBiUKeHM5i M3 Hero. PaAHanbHO noflBUHLiiaH onopa DbmBHJEHOrO 
Banhnyioinero oneMCHTa mojkct 6biTb Bbmoniieiia b HH^e nnyx ^naMeTpanbHo pa3H0BeroiKMX qwronnnpoB, 
9Kci;eHTpiniHbLx oTHOCMTejibiio APyr Apyra. rrpw^cM ujAjimyxp onopbi c CojibomM «HaMerpoM ynnoTHen 
OTHOCHTOibHO Kopnyca h o6pa3ycT co cnxHKaMM yrnyojieHMH rHApaam^iecKyK) KaMq>y t coo6n;eHnyK) c ero 
UeHTpanbHbOvf KauanoM . 

Ha <j)nr. I npeAcxasneH o6ojkm bwb, BanbnpBKM; Ha <J>wr. 2 paapes A-A na $ur. 1; Ha $ht\ 3 pa3pe3 B-B Ha 
4>nr\ 1; Ha $nr. 4 oocannaH KonoHHa c ycraHoii/ieHHbiM rrpo<|)nnt>Ht>tM ncpcRpbrnaxcjieM c noMomuo 
onucbiBaeMOM BajibupBKn. 

BajTbnpBxa n/in pa3BanbupBbiBaHMH ycrpoMCTB vs3 npo^njibHbix xpy6 coAcpsnrr Kopnyc 1 c pe3b6oK 2 ppsi 
npMcoeAMHeHWH ee k Konoinie 6ypwiBia>ix xpy6 3 w ueH-rpanbiibu-f KanajioM 4. b HvesmeH wacxw Koxopoix) 
ycTaHoaneH nnyuep 5. B creHKe Kopnyca 1 Bbmo/meHbi yrjiy6jieHHH 6m7,d Koropbtx c noMomuo onop 8 m 9 
ycTaHOBneitbi Banbuyionjue 3/ieMeirrbi 10, 11, 12. IlpnueM onopbi 8 RByx BaJXbiiyioinax sjicmchtob 10 h 11 
ycraHOBneHbi h yrnydneHKHX 6 HenoABwrnno, a onopa 9 sanbuyion^cro aneweHTa 12 c B03M0JKU0CTbK) 
panjiajibHoro BbmauseHiw M3 yrnyfwieuMtt 7. IloABiOKHaH onopa 9 Banbnyion;ero aneweHTa 12 BbmonneHa b 
Bwjne A^yx 3KcueHTpHMHbix OTHOCHxejibHoi^o fxpyr npyra uyuivrnjipon 13 w 14, mmcioiukx paoHbie AwaweTpbi. 
npmevi mu i MH AP 13 c 6ojibiiraM A HaMeT P° M ynnoTHen omocHTenbHO ctchkm Kopnyca 1 c noMom?Jo 
yTUiOTHemw 15. a rqonmjip 14 c mch±>iiiiim A^aMerpoM Bbicrynaer b ueHXpanbHi>iM Kaiiaxi 4 Kopnyca 1 vepe3 
OTBepcTHC 16, BbmojnieHHoe b ctchkc m MMeer KaHanw 17, coo6cn,aiomMe i^eHTpanbHbiii KaHan 4 Kopnyca 1 c 
i-WApaHTiMMCcKow KaMepoM 18, o6pa30BaHHOM CTeiutaMM oTBepCTWH 16, yrjiy6neHMJi 7 b Kopnycc 1 u 
TopucBbUsOi nonepxHOCTHMH ujinnHApoB 13 h 14 noABiOKHOM onopbi 9. 

PaoVrra Ban biiOBKM noHCHHercH na npwMepe BoocraHOH/iciiMH repMcrwMHocra oocaAHOM Konoinibi npw 
o6pa30Barooi o new Tpeugnibi. 

B 30He 19 napyrneHKH re pMCTMMnocnt o6caAHOH Konoinibi 20 npenBapHTenbuo ycranaBniiBaioT 
nepeapbtBaTenb 21 hj npo^imbHbix xpy6, nyxeM pacimipeiiiiH eix> ;;ajtuiaiwcM jrma^octh. 3axeM iia Konoinie 
6ypnribHbix Tpy6 3 BiiyTpb nepcKpbiBaTenn onycKaiOT Bajibu^oBKy n BpaineioieM, c noAaMew bhm3 KOJioimw 
6ypnnbnt4x xpy6 3, namiHaioT paoBani^upBbiBaxiD npo^nriwibtc xpy6bi nepeKpbiBarejm 21 c oAHOBpeMeimoii 
npoMbiBKow ^MAKocxbio. 3aKatotnacM0M b Tpy6bi noA AaxuicfttieM. npn dtom, b ueHTpanbHOM Kana/ie 4 
Kopnyca 1, 6naroA a P» HanwMMx> tirryuepa 5, a 2 ^ 161016 ^m;;^ 0 ^^ no3paeraeT w, uo^evtcrvyn Mepeo 
OTBepcTwe 16 b creiiKe Kopnyca 1 w Kajianw 17 b muuuiApe 14 noABwrnnoii onopbi 9 na Topn^eBbic noBcpxiiocTM 
i^unujjipon 13 m 14, niJA°*raeT nanmyronxMM oneMeux 12 W3 yrny6neiran 7 Kopnyca ao ynopa n cxeiiKy 
nepeKpbiBaTejni 21. OAnuupeMciaio ncnbiABw^Kiibie eajibuyiomiic 3JieMeiiTbi 10 w 11 xaitme ynnpaioTOi b 
crcHKy ncpeKpbiBaTejin. Hanee, BanbuyiomMe aneMCHTbi iioa a cmctbmcm co3AaHHow paAwanbHow Hai^yaKM. 
npoKa-TKiBattCb no nnyrpeinieii noucpXHOcrrM npo^MnLja^ix xpy6, paananbi^oDWDaiox hx m nnoxno 
npiiKaxi^iBOjox k <rreiiKC o6caA"OM Konoinibi 20. Ilpw noAxoAe k 3one 19 napyiiicHM* repMexiiMnocxw o0caA<«OM 
Konoiuibi 20 AaiviciiMC npoMbinoMHOM >r^kocth cnMMaiox a<> MMiotManbHoro, npw KoxopoM lie rrpowcxoAWx 



BbiAHWKeHMa pajmamjio-nojjBHroioro oanbqyiomer>o ^newenTa 12 H3 Kopnyca 1. m pa3BajibU0BbiBairae 
npo<t>MJibiu>LX Tpy6 ocpyr j\o o6pa3oaaiaia MMHMManbiioro ^uaMerpa Ruyun CMemirbixcM neoL4AHraKHL,iMH 
Ba/ibuyrom?rMH aneweirraMM 10 h 11 n BbiflBKraioiiyiMCH 3/ieMeuTOM 12, Eorna ou iiaxoflHTCfl b hcxo^hom, hc 
BWABMHyTOM no/iowcHMM. ripw 3tom pe3L,6oDbie coe/jwueinra npo^nnbHbLx Tpy6 nepeKpu Bare/in 21 Taxxie 
pacmwpfnoTCtt ;;o BHyTpcHnero AwaMerpa irpo4*uibHb<x Tpy6, o6pa3ycMoro npw mx pasBanbuoBwoaHiai u 
30i re iiapynieioia, mto ciouKaer j\o KoooiMajibHOM Bemwwifbi ^aaneicwe Ha CTeiacy o6caj;noM kojiohh^i 20 b 
30He 19 HapytneHMH ce repMeTMMHOcrn. 

riocne npoxom^eiam 3oiu>i 19 uapyiuemw repMerwMHOCTH . rne onaciiocTb pa3pymeHMH o6caflHOM Kanoimbi 
(rrcyrcTByeT. BHOBb no^HMMajor flaanemie npoMbiBowofi wjvjkoctm m paaoajibuoBbi saKHc nepcKpbioaTcnH 
BQiyr no TCXHOJiorMM, onucaHHOH Bbniie. 

flo oKOHuaHMM pa3BanbU0BbiBaHMH KonoHHy 6ypnnbHbLX. Tpy6 3 c BajibqoBKOM no^HMMaioT H3 CKoaxmibi. 



Claims |<t>opkfyna H3o6pcTeuK5i]: 



1. Ba/ibjjpBxa A /lH p a3 Bajubnp obi Bamtn ycrpofiCTB M3 npo^n/LbuiAx rpy6. co^ep*^^ Kopuyc. 
rrpuciiocofrieioibift jm* coej^MHejuiR c kojiohhoA GypwjibHbix Tpy6, c ucirrpanbbHbiM KaHa/iOM m 
yrjiy6jieHMHMM b ctchkc b KOTOpbix ycranoBJieinj c noMonjbjo onop TpM Bajru^yioimix oneMeirra. 
ot/iiam aio ix^aRCH TeM, hto onopa ofliioro Banbuyiomcro 3/ieMeirra ycranoaneHa b yrnyfoieuuM Kopnyca c 

903MOHUlOCTbK) paflHa/IbHOrO BbUJBWTKeinifl m HCPO. 

2. BajibuoBxa no n. 1, otjiitm aiomaji ch TeM, mto panuanbno noRfavKuasi onopa BbmBMWHoro Bajibi^yTou;cro 

aneMCHTa BbOTOJTHeHa B BH^C ^ByX ^MaMerpanbHO pa3H0BeJIHKHX HJUTKHRpOB, 3KCIJCHTpiroHbEX OTHOCHTCJIbHO 

ppyr npyra, npiraeM hiothh^p onopbi c 6ojTbtmcM njfaMcrpoM yruioTHeH ornocirrcTTfeHO Kopnyca m o6pa3yex co 
ctchk&mm yr/ry6jienHH b Kopnycc rM^paartuMecKyio KaMepy, coo6meHHyio c ero i*cirrpanbHt>tM KaHajioM. 
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(54) EXPANDER FOR EXPANDING SHAPED-PIPE DEVICES 
(57) Abstract: 

Use: The expander is intended for expanding shaped-pipe devices (blocking devices, 
liner hangers, filters, etc.) which are mounted in wells. Substance of invention: The 
expander has housing 1 which is provided with central channel 4, installed in the bottom 
portion of which is a union 5. Recesses 6 and 7 provided in the walls of the housing 
accommodate three expansion tools mounted on supports 8 and 9. The supports 8 
mounting two of the expansion tools are rigidly fixed in the housing recesses 6, and the 
support 9 mounting the expansion tool 12 can be radially moved out of the recess 7. The 
movable support consists of two cylinders 13 and 14 eccentrically positioned in relation 
to each other. The larger-diameter cylinder 13 is sealed relative to the wall of the 
housing 1, and the smaller-diameter cylinder 14 extends into the central channel 4 and 
has channels communicating the central channel 4 with hydraulic chamber 18 which is 
formed by the walls of the recess 7 and the end faces of the cylinders 13 and 14 actuating 
the movable support 9. Such a design of the expander ensures the achievement of the 
desired goals — the improvement in the quality and the reliability of mounting shaped- 
pipe devices, as well as the enhancement of the expander performance and the possibility 
to broaden the operating diameter range. 2 cl., 4 dwgs 



Description: 

The present invention relates to the drilling and the overhauling of oil and gas wells; in 
particular, it is intended for expanding shaped-pipe devices mounted in wells to insulate 
troublesome zones which occur while drilling the wells and to restore the tightness of 
casing strings. 

An expander for expanding shaped-pipe devices is known, which incorporates a housing 
adapted for connection to a drill string and provided with a central channel and the walls 
of which have recesses that accommodate three expansion tools mounted on supports. 

The drawback to this device is that while expanding a pipe the expansion tools are held in 
the same position by elastic forces. Therefore, this device cannot be used when it is 
necessary to reduce radial loads acting on a shaped-pipe blocking device while it is 
mounted in the well, for instance, to repair damage such as a slit perforation in the casing 
string since the casing string continues to break down because of the impossibility of 
reducing the radial load thereon. 

The object of the present invention is to improve the quality and the reliability of 
mounting a shaped-pipe device in a well to insulate the troublesome zones occurring 
while drilling a well, as well as to enhance the expander reliability and performance and 
make it possible to broaden the operating diameter range without changing the diameter 
of the housing of the expander of a given size. 

This is achieved as follows: In the proposed shaped pipe expander, which incorporates a 
housing adapted for connection to a drill string and provided with a central channel and 
the walls of which have recesses that accommodate three expansion tools mounted on 
supports, the support mounting one of the expansion tools can be radially moved out of 
the corresponding recess. The radially movable support mounting the move-out 
expansion tool may consist of two cylinders of different diameters, which are 
eccentrically positioned in relation to each other. The larger-diameter cylinder is sealed 
relative to the housing, and a hydraulic chamber communicating with the central channel 
of the housing is formed by this cylinder and the walls of the above recess. 

Fig. 1 is a general view of the expander, Fig. 2 is the section A-A in Fig. 1, Fig. 3 is the 
section B-B in Fig. 1, Fig. 4 shows a casing string with a shaped-pipe blocking device 
mounted with the use of the proposed expander. 

The expander for expanding shaped-pipe devices has a housing 1 which is provided with 
thread 2 for connecting it to drill string 3 and has a central channel 4, installed in the 
bottom portion of which is a union 5. Recesses 6 and 7 provided in the walls of the 
housing 1 accommodate expansion tools 10, 11 and 12 mounted on supports 8 and 9. The 
supports 8 mounting the two expansion tools 10 and 1 1 are rigidly fixed in the recesses 6, 
and the support 9 mounting the expansion tool 12 can be radially moved out of the 
recess 7. The movable support 9 mounting the expansion tool 12 consists of two 
cylinders 13 and 14 having different diameters. The larger-diameter cylinder 13 is sealed 



relative (o the wall of the housing 1 using seal 15, and the smaller-diameter cylinder 14 
extends into the central channel 4 of the housing through opening 16 provided in the wall 
and has channels 17 communicating the central channel 4 of the housing 1 with hydraulic 
chamber 18 which is formed by the walls of the opening 16, the walls of the recess 7 in 
the housing 1 and the end faces of the cylinders 13 and 14 actuating the movable support 
9. 

The operation of the proposed device will be illustrated below by the example of the 
restoration of tightness of a cracked casing string. 

First, the shaped-pipe blocking device 21 is mounted in the nontight zone 19 of the casing 
string 20 by expanding this device by means of hydraulic pressure. Following this, the 
proposed expander is connected to the drill string 3 and lowered into the blocking device 
by lowering the drill string 3. When the expander is positioned inside the blocking 
device 21 the expansion of the shaped pipes, from which this device is assembled, is 
commenced and at the same time washing fluid is pumped into the pipes. Due to the 
provision of the union 5 the fluid pressure in the central channel 4 of the housing 1 rises 
and acts on the end faces of the cylinders 13 and 14 through the opening 16 in the wall of 
the housing 1 and via the channels 17 in the cylinder 14 for the movable support 9 with 
the result that the expansion tool 12 is moved out of the recess 7 in the housing until this 
tool abuts against the wall of the blocking device 21. At the same time, the fixed 
expansion tools 10 and 1 1 abut against the blocking device wall, too. Then, the expansion 
tools roll down the inner surfaces of the shaped pipes to expand them until they are 
tightly pressed against the wall of the casing string 20. When the expander reaches the 
nontight zone 19 of the casing string 20 the washing fluid pressure is reduced to a 
minimum value, at which the radially movable expansion tool 12 will not move out of the 
housing 1, and the expansion of the shaped pipes is continued until the minimum 
diameter is formed by the two adjacent fixed expansion tools 1 0 and 1 1 and the movable 
expansion tool 12 is located in its initial, i.e., moved-out, position. In doing this, the 
threaded joints of the shaped pipes of the blocking device 21 are also expanded to the 
shaped pipe inner diameter obtained by expanding the shaped pipes in the nontight zone, 
the result being that the pressure on the wall of the casing string 20 in its nontight zone 19 
is minimized. 

When the expander leaves the previously nontight zone 19 of the casing string so that 
there is no danger of the casing string collapse within this zone any longer, the washing 
fluid pressure is increased again and the expansion of the blocking device is continued as 
described above. 

When the expansion process is over the drill string 3 is lifted out of the wall together with 
the expander. 



Claims: 

1. An expander for expanding shaped-pipe blocking devices, which incorporates a 
housing adapted for connection to a drill string and provided with a central channel and 
the walls of which have recesses that accommodate three expansion tools and wherein the 
support mounting one of the expansion tools is installed in the corresponding recess in 
the housing so that it can be radially moved out of this recess. 

2. The device according to item 1 , wherein the radially movable support mounting the 
move-out expansion tool consists of two cylinders of different diameters, which are 
eccentrically positioned in relation to each other, the larger-diameter cylinder being 
sealed relative to the wall of the housing 1 and a hydraulic chamber communicating with 
the central channel of the housing being formed by this cylinder and the walls of the 
recess in the housing. 
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Sworn to before me this 
23rd day of January 2002. 

Signature, Notary Public 



OFFICIAL SEAL 
MARIA A. SERNA 
NOTARY PUBLIC 
. In and for the State of Texas 

My commission expires 03-22-2003 




Stamp, Notary Public 
Harris County 
Houston, TX 
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